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ABSTRACT 
This paper introduces Analytical 
Hierarchical Process (AHP) method to provide 
important maintenance decision strategy for Small 
and Medium Industries (SMIs). The method is 
suitable for maintenance decision based on multiple 
maintenance criteria’s and their alternatives. The 
analysis to improve the functionality of the AHP 
method via programming and database 
improvement based on the concept of real pairwise 
comparison has also been provided.  This concept 
of real data pairwise comparison in AHP function 
as a more realistic barometer in ascertaining the 
weights of repair time and responding time respect 
to contractor selection. The capability of 
determining the provable priority weight for 
contractors would be beneficially in SMIs to get 
maintenance satisfaction.  This type of AHP 
decision analysis also helps decision-makers to 
obtain the best contractor needed in every 
maintenance decision process in SMIs. 
    
Keywords: analytic hierarchy process, maintenance 
decision support system, small and 
medium industries. 
 
1 INTRODUCTION 
Small and Medium Industries (SMIs) are 
very important aspect for economic growth in 
developing countries [1]. Although they operate in a 
smaller scale, many counts of larger industries have 
making them an important support role for their 
business needs [2]. Lack of capital and 
ineffectiveness in carrying out the maintenance of 
the production process are the main problems that 
exist in SMIs. In Malaysia, although the government 
has provided lots of financial support, but due to 
lack of information about effectiveness of industrial 
process, have caused the production in SMIs fall to 
below expectations [3]. In common, the SMIs just 
follow the maintenance advice from the contractors 
to perform maintenance activities. This dependency 
on outside contractor will surely increase 
maintenance cost. To overcome this problem, 
Information Technology (IT) is indeed the best 
solution by mining historical data and predicts 
future maintenance strategies. 
Recently, IT has growing rapidly in 
industrial process. Many models with varieties 
optimization and techniques have been proposed 
([4], [5], [6]). However, there are limited actions to 
be linked into the actual industrial maintenance 
process [7].  
In order to increase the effectiveness of the 
units, computerized system like Decision Support 
System (DSS) needed to simplify the analyzing 
process and to reduce the time needed for 
maintenance decision [8]. Analytic Hierarchy 
Process (AHP) is the model that used to obtain a 
model maintenance decision support in accordance 
with the problems that are often found in Small and 
Medium Industries (SMIs). In AHP, the goal or the 
decision that is suggested from any maintenance 
problem can be determined from selected 
alternatives. This AHP method has provided the 
operational maintenance decisions for SMIs. 
 
2 ANALYTIC HIERARCHY 
PROCESS  
AHP developed by [9] as mathematical 
decision making model to solve complex linear 
algebra problems when there are multiple objectives 
or criteria to be considered. It’s requires the 
decision makers to provide judgments about the 
relative importance criterion for each decision 
alternatives [10]. AHP has been used to solve the 
problem of maintenance in industrial areas. For 
instance, [11] have used AHP to justify the Total 
Productive Maintenance (TPM) in Indian industries. 
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While [12] have described the application of AHP 
to selecting the best maintenance strategies for an 
important Italian oil refinery. Moreover, reference 
[13] has been evaluated the information service 
quality of ten primary high tech industry 
information center web portals in China using AHP. 
Then, AHP also has been used to evaluate the call 
center service quality in Taiwan telecommunication 
industries by [14].    
Goal
Criterion 1 Criterion 2 Criterion 3
Subcriterion 1 Subcriterion 2
Criterion 4
Subcriterion 3
Alternative 1 Alternative 3Alternative 2
 
Figure 1: The AHP Hierarchy 
 
There are several steps to implement the 
AHP model [15]. The first step is describing the 
maintenance problem into an AHP decision 
hierarchy. The hierarchy can be visualized as a 
diagram in Fig. 1. It consists of an overall goal at 
the top, a group of options or alternatives for 
reaching the goal at the bottom, and a group of 
factors or criteria filling up at the middle, relate the 
alternatives to the goal. In most cases, the criteria 
and then divided into sub-criteria in some degree 
based on the needs of the problem. Clearly, the 
AHP is most efficient applied when the total 
number of criterions and alternatives is not 
excessive [9].  
The AHP concept establishes the priorities in 
each element in hierarchy by make a pairwise 
comparison of the criterions and alternatives in 
every level. The comparisons are predefined on 
one-to-nine ratio scale as listed in Table 1.  
The comparisons are made using the 
judgments of the factors based on data obtained in 
the SMIs or from the knowledge and experience of 
the maintenance persons, i.e. technicians, managers, 
or other experts in the maintenance department. 
There are many situations where the judgments are 
close or tied in measurement and the comparison 
must be made between one-to-nine ratio scales. For 
example there are comparisons to be made between 
1 and 2, such as 1.1, 1.2, 1.3, …, 1.9.  
The example of comparison formula is 
shown in the Formula 1 below. It is a square matrix 
with as many rows (and columns) as there are 
criteria connected to the goal. The numbers in this 
matrix express the intensity of dominance of the 
criterion in the column heading over the criteria in 
the row heading. In many research, the ratio scale 
have been used, the matrix is reciprocal which mean 
that the numbers, which are symmetric which 
respect to the diagonal, are inverses of one another, 
aij = 1/aji. If one criterion is judged to be three times 
more important than the others, then the others is as 
important when compared like the first. 
 
Table 1: Scale of the Importance 
Intensity of 
Importance 
Value Description Explanation 
1 Criteria i and j, are 
equal importance 
Two activities 
contribute equally to 
the objective 
3 Criteria i is weakly 
more important 
than j 
Experience and 
judgment slightly favor 
one activity over 
another  
5 Criteria i is 
strongly more 
important than j 
Experience and 
judgment strongly 
favor one activity over 
another  
7 Criteria i is very 
strongly more 
important than j 
An activity  is strongly 
favored and its 
dominance 
demonstrated in 
practice 
9 Criteria i is 
absolutely more 
important than j 
The evidence favoring 
one activity over 
another is the highest 
possible order of 
affirmation 
2, 4, 6, 8 Intermediate 
values between the 
two adjacent 
values. If criterion 
i has one of the 
above non-zero 
numbers assigned 
to it when 
compared with 
criterion j. then j 
has the reciprocal 
value when 
compared with i.   
When a compromise in 
judgment is needed  
e. g. if i = 3, j = ⅓  
 
In general, n(n-1)/2 comparisons are needed 
if n is the number of element being compared in the 
triangle above the diagonal of ones. These 
comparisons show in bolt variables in Formula 1. 
 
Criterion(C) C1 C2 Cj … Cn  
C1 a11 a12 a1j … a1n  
C2 1/a12 a22 a2j … a2n  
Ci 1/a1j 1/a2j aij … ain  
… … … … … …  
Cn 1/a1n 1/a2n 1/ain … ann (1) 
Approximating the weight vector in the 
matrix A, with i row and j column, takes from 
illustrated below, where wi > 0 for i = 1, …, n 
denotes the weight of objective i. The next step is 
the calculation of a list of the relative weights of the 
criteria under consideration. This requires 
normalization of each column j in A, such that ∑j aij 
= 1. 
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Criterion Criterionj  
Criterion1 Anormi1  
Criterion2 Anormi2  
Criterioni Anormij  
. . . . . .  
Criterionn Anormin         (2) 
Total 1  
 
For each row i in the resulting matrix above, 
the average value is computed by: 
 
    (3)
   
Where wi is the weight of criterion i in the 
weight vector, w = (w1, w2, …, wn) recovered from 
matrix A, with n criteria, by finding a non-trivial 
solution to a set of n equation with n unknowns. 
Finally, given a decision matrix, the final 
priorities, denoted by , of the alternatives in 
term of all the criteria combined are determined: 
 
  (4) 
 
2.1 Case Study 
 
Formula Maintenance strategies can be 
explained as a collection of maintenance operation 
that gives best effort to benefit with least cost. Each 
maintenance operation have specific scenario to be 
implemented to get the best result. In this research, 
the AHP has used to help decision makers to make 
proper evaluations and relatively accurate decisions. 
The example case in Fig. 2 shows the hierarchy 
framework of contractor selection in SMIs base on 
specific criterions and alternatives. In this research, 
the data are gathered from the interviewed and 
recorded data from one of SMI in Malaysia [16].    
 
Best Contractor Selection for Maintenance
Technical Performance Business PrinciplesRepair Time Responding Time
Experience in 
Maintenance
Action and presence in 
troubleshooting activities
Enthusiasm in 
problem solving
Tools and 
Equipment
Quality of 
maintenance work
Contractor A Contractor B Contractor C Contractor D
 
Figure 2: Contractors Selection 
 
The hierarchy is used for conducting 
preliminary analysis in domain of contractor 
selection. Basically, the contractor requirement can 
be decomposed into several criterions and sub-
criterions in different level of uncertainty and 
ambiguity. Analysis can be performed at each level 
independently, but linked and cumulated at the 
higher levels in the hierarchy. Decisions and 
judgments are made in each level of structure, and 
finally aggregated to produce decision in the top of 
hierarchy. 
In conducting pair wise comparisons 
between contractor selections, the decision makers 
sequentially compares two criterions and 
alternatives. From (1), in the criterions level, the 
system needs 6 pair wise comparisons input. In sub 
criterions, the system need 1 pair wise comparison 
for technical performance sub criterion and need 3 
pair wise comparison for business principle sub-
criterion. Moreover, 6 pair wise comparison are 
needed in alternatives level linked for every higher 
level in hierarchy. Base on our interviewed from 
SMI in [16], all of the pair wise comparison 
calculations have been inputted and generated. 
For all pair wise comparisons, we construct 
pair wise comparison matrixes using (1). After 
complete, normalization matrix are produced by 
divided the number of matrix by their respective 
column using (2). Then to determine the priorities, 
we simply find the average of the various rows from 
normalization matrix using (3). The result shows in 
Table II for every criterions and sub-criterions, 
those are the priority evaluation weights of 
Technical Performance (TP), Business Principles 
(BP), Experience in Maintenance (EM), Action and 
Presence in Troubleshooting Activities (AP), 
Quality of Maintenance Work (QW), Tool and 
Equipment (TE), Enthusiasm in Problem Solving 
(EP), Repair Time (RT) and Response Time (RnT).      
Finally, to get the overall ranking, the 
priority evaluation weights are multiplied in each 
table using (4). The data evaluations for four 
different contractors are summarized on column 
TOTAL in Table 2. The data shows the weight of 
every contractor C received the highest final 
ranking and it is selected is the best contractor for 
SMI.  
As discussed, solving AHP problems can 
involve a large number of calculations. Therefore, 
the AHP program as Decision Support System 
(DSS) is applicable for critical decision support. 
 
Table 2: Contractors Ranking with AHP 
Best Contractor Selection Maintenance 
TOTAL 
Contractors 
TP BP 
RT RnT 
EM AP QW TE EP  
A 0.074 0.030 0.007 0.009 0.011 0.047 0.068 0.245 
B 0.049 0.044 0.010 0.013 0.027 0.083 0.058 0.284 
C 0.099 0.059 0.014 0.004 0.005 0.081 0.041 0.304 
D 0.025 0.015 0.003 0.017 0.011 0.049 0.047 0.167 
TOTAL 
0.247 0.148 0.034 0.043 0.053 
0.260 0.214 
1.000 0.396 0.130 
1.000 
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2.2 AHP DSS Improvement 
The availability of data for the pairwise 
comparison is needed to calculate and analyze more 
accurate decisions.  Data regarding responding time 
and repair time which is available in the database 
can be calculated to determine contractor selection.  
Although the AHP methodology can be used to 
compensate the lack of available data to help 
decision makers and to make evaluations and more 
accurate decisions, the real data is preferable as is 
prove to provide more logical results.      
In this AHP DSS development, the database 
relation has been improved to get appropriate data 
for the AHP decision model that is for selecting 
contractors.  The improvement is shown in Figure 3 
below. 
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 alternative1
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 month
 year
 hour
 minute
 repair
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 dateready
 monthready
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Figure 3: The Improvement of Database Relation 
 
The relation is added to connect table 
downtime and table alternative comparison.  This 
relation connection is used to get the pairwise 
comparison of response time and repair time 
alternatives from data calculation recorded in table 
downtime on database. 
The next step is to calculate every contractor 
repair time and response time based on the data.  
For examples, let say A is the average of contractor 
repair time and B is the average of contractor 
response time.  ai is the repair time of contractor A
i
 
with j event, and bi is the response time of 
contractor B
i
 with j event.  The calculation is done 
using the Formula (5) and Formula (6) as shown 
below: 
 
 
 
(5) 
 
 
(6) 
 
To apply this concept, the programming 
scripts were updated. The different input of 
pairwise comparison absolutely will change the 
results of the repair time and response time.   
The evaluation of the final data for the 
selection of the best contractor based on the real 
data or response time and repair time is as depicted 
in Error! Reference source not found..  It is 
evident that the total priority for contractor A is 
0.236, for contractor B is 0.210, for contractor C is 
0.348 and contractor D is 0.206.  Thus the data 
sheds light on the fact that contractor C is still at the 
highest rank and can be selected as the best 
contractor for SMI. 
 
Table 3: Data Evaluation for Contractors using Real Data 
Best Contractor Selection Maintenance 
TOTAL Contractors 
TP BP 
RT RnT EM AP QW TE EP  
A 0.074 0.030 0.007 0.009 0.011 0.066 0.041 0.236 
B 0.049 0.044 0.010 0.013 0.027 0.051 0.015 0.210 
C 0.099 0.059 0.014 0.004 0.005 0.064 0.103 0.348 
D 0.025 0.015 0.003 0.017 0.011 0.080 0.055 0.206 
TOTAL 
0.247 0.148 0.034 0.043 0.053 
0.260 0.214 
1.000 
0.396 0.130 
1.000 
 
2.3 Implementation  
The development and implementation of this 
concept have been done with web programming 
concept using PHP program and MySQL database 
[17].    
 
3 RESULT 
Once judgments for all levels are made, 
sensitivity graph can be produced as a fundamental 
process for sensitivity analysis in decision with 
AHP [18] (Ishizaka & Labib, 2009).  These 
analyses are used to re-examine different scenarios 
between the inputs of repairing time and responding 
time with decision based on the interviews data as 
shown in Figure 4 and based on the calculation of 
data in database as shown in Figure 5. 
Based on Figure 4, the x-axis gives the 
relative priority change of repairing time and the y-
axis shows the percentage of the priority of all 
alternatives.  The intersection of the vertical line 
with other lines indicates the priority of each 
AHP DSS Improvement 
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contractor or alternative.  In the graph based on 
interview data, if the priority of repairing time 
below 0.85 then the contractor C is selected.  If the 
priority of repairing time greater than 0.85 then the 
contractor B is selected.  Similarly in graph based 
on calculation of data from database, if the priority 
of repairing time below 0.75 then contractor C is 
selected.  If the priority of repairing time greater 
than 0.75 then contractor D is selected.  Contractor 
B based on the data calculation graph almost always 
become the last choice to be selected as the 
contractor.  But in data interview graph, the 
contractor B is shown almost at the second choice 
to be selected as the best contractor.  This is the 
evident that the comparison of repairing time based 
on interview data may give inaccurate results for 
selecting the best contractor for maintenance 
process in SMIs. 
 
Sensitivity Graph of Repairing Time Based on Interview Data 
 
Sensitivity Graph of Repairing Time Based on The 
Calculation of Data in Database 
 
Figure 4: Sensitivity Analysis for Repairing Time in AHP 
 
Based on Figure 5, the x-axis gives the 
relative priority change of responding time and the 
y-axis shows the percentage of the priority of all 
alternatives.  The intersection of the vertical line 
with other lines indicates the priority of each 
contractor or alternative.  In the graph based on 
interview data, if the priority of responding time 
below 0.4 then the contractor C is selected.  Moving 
the vertical line between 0.4 and 0.5, the contractor 
B is selected.  Similarly, if the priority of repairing 
time greater than 0.5 then the contractor D is 
selected.  However in graph based on calculation of 
data from database, the priority value for contractor 
C is always greater than others.  This is also the 
evident that the comparison of responding time 
based on interview data may give inaccurate results 
for selecting the best contractor for maintenance 
process in SMIs. 
 
Sensitivity Graph of Responding Time Based on Interview Data 
 
Sensitivity Graph of Responding Time Based on The Calculation 
of Data in Database 
 
Figure 5: Sensitivity Analysis for Responding Time in AHP 
 
As discussed, the two approaches of AHP 
have been deployed.  The first dealt with expert 
knowledge based on pairwise comparison which 
was derived from the input provided by manager, 
technician, maintenance personnel and the other.  
The second approach is combined with calculation 
based on real data in SMIs.  A comparison of both 
results is presented in Table 4 below. 
 
Table 4: AHP Results Comparison 
Contractor Total Priority with the real data  Total Priority by experts 
A 0.236 0.245 
B 0.210 0.284 
C 0.348 0.304 
D 0.206 0.167 
 
The total priority weight by experts and by 
the real data is shown noticeable shift for 
contractors A, B, C and D.  This finding was 
discussed with the experts that provided initial 
judgment to determine whether there was a logical 
explanation for such different results.  Conclusions 
provided by the experts reveal that the decision 
provided in the interview data cannot be fully 
justified, because the official employed in these 
industries have different levels of knowledge and 
experience in using each machine which are fixed 
by different contractors [16].  Besides, decisions 
based on the calculations provided in the data can 
be fully accepted as they are genuine decisions 
which are based on the real data from the SMI.  
Therefore, pairwise comparison based on the 
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calculation of real data should be used in case study 
on contractor selection. 
 
4 CONCLUSION AND DISCUSSION 
This chapter describes the analysis and 
implementation of the AHP method using data 
gathered by [16].  The AHP method is used for 
selecting contractors to conduct maintenance 
operation in SMIs.  The results have shown the best 
contractor can obtained for the machines based on 
the combination of criterions and alternatives.  
However, solving AHP problems involves a large 
number of calculations.  Therefore, the DSS 
program is needed to make AHP calculation easier.   
The analysis to improve the functionality of 
the AHP method via programming and database 
improvement based on the concept of real pairwise 
comparison has also been provided.  This concept 
of real data pairwise comparison in AHP function 
as a more realistic barometer in ascertaining the 
weights of repair time and responding time respect 
to contractor selection.  The capability of 
determining the provable priority weight for 
contractors would be beneficially in SMIs to get 
maintenance satisfaction.  This type of AHP 
decision analysis also helps decision-makers to 
obtain the best contractor needed in every 
maintenance decision process in SMIs. 
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